Sedum L. species (Crassulaceae) have been documented as either vegetables or folk medicines for treatment of many diseases. These plants have been used for a long time in traditional medicine as antiinflammatory, hemostatic, antidiarrheal, antifungal, and diuretic agents, as well as for the treatment of hemorrhoids, burns, and wounds [1a-d] . S. spurium Bieb., which is a perennial plant, grows in north-eastern Turkey, and all parts of it are dried, cooked, and applied for the treatment of wounds [2, 3] . Furthermore, S. spurium leaves are consumed as food in the same way as other Sedum species [4] . The presence of flavan-3-ols, flavonoids, and alkaloids in these plants has been shown in the literature [5a-e] . The chemical composition of the essential oil of S. spurium was investigated by GC-MS and hexahydrofarnesyl acetone was found to be the main compound. Moreover, low antimicrobial activity of this essential oil was reported in the same study [6] . However, the antioxidant or cytotoxic activity of the titled plant has not been reported. Taking into account S. spurium's use as food, it is interesting to investigate its chemical composition and antioxidant potential. In the present study we demonstrated the in vitro radical scavenging properties, protective effects, cytotoxic activities and total phenol, flavonoid, and flavonol contents of various extracts of S. spurium. In addition, the major compound of the most active extract was isolated and its structure elucidated. Radical scavenging activities of the extracts were tested against nitric oxide (NO), superoxide (SO), 2,2-diphenyl-1-picrylhydrazil (DPPH), and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS) radicals. Their protective effects were determined against H 2 O 2 induced cytotoxicity in human red blood cells and cytotoxic activities in Hep-2 human larynx epidermoid carcinoma cell line were determined based on cell proliferation.
Since the antioxidant compounds found in plants have different polarities, methanol (MeOH), ethyl acetate (EtOAc), n-butanol (n-BuOH), and water extracts were used in order to isolate antioxidant constituents. A number of methods are widely applied to determine radical scavenging effects of antioxidants. In Figure 1 , DPPH radical scavenging effects of different concentrations of the extracts of S. spurium and ascorbic acid (AA) (positive control) are demonstrated. The DPPH radical scavenging activities of the extracts were compared with AA, which is a powerful antioxidant. All extracts were able to scavenge DPPH radical in a concentrationdependent manner. The EtOAc extract possessed the strongest activity in all the tested concentrations (IC 50 14.7 μg/mL). Moreover, this extract had a DPPH scavenging activity either at the same level or higher than that of AA. 
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Superoxide is a physiologically generated radical anion during cellular metabolism. When the generation of the radical is excessive, cellular toxicity occurs. [7] . In the present study, the superoxide radical scavenging activities of different extracts of S. spurium were compared with the same doses of quercetin ranging from 5 to 100 μg/mL. As shown in Figure 2 , all extracts were capable of scavenging superoxide radicals in a dose-dependent manner. Moreover, all the extracts were more active than quercetin, which was used as a positive control at all tested concentrations. The EtOAC extract was found to be the most active extract with an IC 50 value of 16.2 μg/mL. NO radical is synthesized endogenously by nitric oxide synthase (NOS) isoenzymes. It can diffuse easily through plasma membranes and react directly with other free radicals. All S. spurium extracts scavenged NO radicals in a dose-dependent manner and had higher activities than quercetin, the positive standard, at 5 and 10 μg/mL concentrations ( Figure 3 ). The EtOAc extract was found to have the highest activity (IC 50 83.4 μg/mL) compared with the other extracts. Hemolysis of erythrocytes by hydrogen peroxide is a good ex vivo model for oxidative stress induced cellular damage. Erythrocytes have a very strong antioxidant defense located in the cytosol and two membrane domains. Thus, they can protect themselves from oxidative damage efficiently [8] . In the present study, the maximum erythrocyte hemolysis was defined as 100% using 1 M H 2 O 2 and other hemolytic values from free radical damage were presented as a percentage based on the former. The results of erythrocyte hemolysis assay are shown in Table 1 . According to our results, the hemolysis percentages of the extracts in the pretreated erythrocytes were lower than non-pretreated erythrocytes except the BuOH extract. The extracts showed significant protective effect at 25 µg/mL against H 2 O 2 induced hemoglobin release from erythrocytes. However, they showed lower protective effect at 50 µg/mL than 25 µg/mL because of their own hemolytic effects at 50 µg/mL. Our results suggest that supplementation of EtOAC, water and MeOH extracts could be effective to improve the antihemolytic defense of erythrocytes at low concentrations.
Cytotoxic activities of the S. spurium extracts were tested by MTT assay in Hep-2 human larynx epidermoid carcinoma cells at the concentration range of 50-400 µg/mL. It has been observed that the compounds have significant cytotoxicity at 200 µg/mL and 400 µg/mL concentrations. The results are given in Figure 4 . The EtOAc extract was found to have the highest cytotoxicity. Nevertheless, according to the IC 50 levels of the compounds, they do not have significant cytotoxic potential. a Data expressed in mg equivalent of gallic acid to 1 g of extract; b SD (n= 3); c data expressed in mg equivalent of quercetin to 1 g of extract Total phenol contents of the extracts were calculated according to the default (y= 0.0026x + 0.1812, r 2 = 0.9983) as gallic acid equivalents (mg/g extract), whereas their total flavonoid contents were determined in accordance with the default (y = 0.0218x + 0.0993, r 2 = 0.9994) and total flavanol contents were calculated using the default (y= 0.0187x + 0.2211 , r 2 = 0.9993) obtained from calibration curves as quercetin equivalents (mg/ g extract). As given Antioxidant and cytotoxic activities of Sedum spurium Natural Product Communications Vol. 11 (11) Table 2 , the EtOAC extract was found to be the richest extract in terms of total phenol, flavonoid, and flavonol contents. Moreover, this extract showed the highest radical scavenging and cytotoxic activity. Therefore, the EtOAc extract was chosen for further phytochemical studies and the major compound of this extract was isolated by various chromatographic techniques. The structure of the compound was identified as 2-methyl-D-erythritol according to its 1 H and 13 C NMR spectra with reference to literature data [9] . 2-Methyl-erythritol, a common constituent of Umbelliferous plants [10a-b] , was isolated from the genus Sedum for the first time in this study. A similar compound, erythritol, was detected in the root exudates of S. alfredii by GC-MS [11] . 2-Methyl-erythritol was first isolated from Cnidium monnieri, a Chinese drug used for the treatment of eczema and urticaria, and as a tonic [12] ; there is no reported bioactivity study on this compound. However, two glycosides 2-methyl-erythritol-4-O-(6-O-trans-sinapoyl)-β-Dglucopyranoside and 2-methyl-erythritol-1-O-(6-O-trans-sinapoyl)-β-D-glucopyranoside tested for their cytotoxicity in RAW 264.7 cells showed cytotoxic activity [13] . In our study, 2-methylerythritol did not show any radical scavenging or cytotoxic effect, which makes it impossible to attribute these effects to 2-methyl-Derythritol. On the other hand, the high total phenol, flavonoid, and flavonol contents of the EtOAc extract may be what make it the most active one. EtOAc fractions are mainly the phenolic rich fractions, supporting our results [14a, b] .
Phenolic compounds are thought to promote health via their antioxidant and free radical scavenging effects. However, due to their diverse chemical structures, they are more likely to possess different antioxidant capacities [15a, b] . Phenolic compounds also exhibit pro-oxidant activities at higher concentrations. Therefore, the cytotoxic activities shown in this study may be due to the prooxidant effects of the extracts [16a, b] . Taken together, radical scavenging activities against DPPH, NO, SO, and ABTS radicals and antihemolytic effects make this fraction valuable. Our results suggest that supplementation with the EtOAC extract of S. spurium could be effective to improve antihemolytic defences of erythrocytes, and radical scavenging potential of the antioxidant mechanism. In addition, the extracts should be investigated in detail for their cytotoxic activities because of their possible pro-oxidant effects at high concentrations. Synergistic effect of the phenolic compounds in the EtOAc extract could be responsible for the above mentioned activities of the plants [17a, b] . This medicinal food plant as a natural entity could be a promising alternative to synthetic substances with its high antioxidant activity.
Experimental
Plant material: Sedum spurium was collected on the 8 th August 2006 from Hamsiköy, Trabzon, Turkey. A voucher specimen (HUEF 06004) was deposited at the Herbarium of the Faculty of Pharmacy of Hacettepe University, Ankara, Turkey.
General experimental procedures: C18-Vacuum Liquid
Chromatography (C18-VLC) was applied using a LiChroprep C18 (Merck, Darmstadt, Germany, 40-63 mm). Column chromatography was accomplished using silica gel 60 (0.063-0.200 mm; Merck). TLC analyses were carried out on pre-coated Kieselgel 60 F254 aluminum plates (Merck). Compounds were detected by UV fluorescence and spraying with 1% vanillin/H 2 SO 4 , followed by heating at 100 o C for 1-2 min.
Preparation of the herbal extracts: Dried and powdered aerial parts of the plants (300 g) were extracted with 80% methanol (MeOH) (4 × 50 mL) at room temperature and the combined MeOH extracts were concentrated under reduced pressure. The resultant extracts were dissolved in H 2 O and the water-soluble portion was partitioned against light petroleum (40-60°C) (4 × 150 mL), EtOAc (6 × 150 mL) and n-butanol (n-BuOH) (4 × 150 mL), respectively.
Isolation of the compound:
The EtOAc extract was subjected to C-18 silica gel vacuum liquid chromatography (H 2 O/MeOH→ 0/100%) to afford 9 fractions (Fr. A-I). Fraction D was chosen for further phytochemical studies and chromatographed over a silica gel column eluting stepwise with a CHCl 3 -MeOH gradient, and 2-C-methyl-D-erythritol was obtained with the 7:3 mixture.
DPPH radical scavenging activity: DPPH radical scavenging activities of the extracts were assessed by decolorization of a solution of DPPH, as previously described [18] . Ascorbic acid (AA) was used as the reference compound. The experiment was conducted in triplicate.
SO radical scavenging activity by alkaline DMSO method: The method of Elizabeth and Rao was used for the detection of superoxide radical scavenging activities of the extracts, with slight modification [19] . Quercetin was used as positive control; all tests were conducted in triplicate.
NO scavenging activity: This activity was measured by the method previously described [20] . Quercetin was used as positive control; all tests were conducted in triplicate.
TEAC (Trolox equivalent antioxidant capacity) assay:
The method is based on the ability of antioxidant molecules to quench ABTS˙, a blue-green chromophore with characteristic absorption at 734 nm, in comparison with the antioxidant potency of Trolox [21] .
Protective effect against H 2 O 2 -induced cytotoxicity in human red blood cells: The hemolysis assay was conducted according to the literature [22] . The positive control was prepared by pretreating the erythrocyte suspension with 1 mL of 10 mg/mL of AA dissolved in PBS. The non-pretreated erythrocyte suspension was used as the negative control. Oxidative stress was induced by adding 1 mL of 10 mM H 2 O 2 and incubating at 37°C for 150 min after which the released hemoglobin in the supernatant was measured at 540 nm and reported on the basis of the maximum absorbance (100%) in the aliquots of H 2 O 2 that induced hemolysis.
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) cytotoxicity assay: A total of 10 5 cells per well were plated in 96-well tissue culture plates and the method of Guan was applied [23] . Results were expressed as the mean percentage of cell growth from 3 independent experiments. Determination of total phenolic content: The total phenolic content was determined using the Folin-Ciocalteu colorimetric method with some modification [24] . Results are expressed as gallic acid equivalents (GAE) in mg per g extract. All tests were conducted in triplicate.
Determination of total flavonoids: Total flavonoids were determined using the method based on the formation of a flavonoidaluminum complex [25] . Total flavonoid content was calculated as quercetin equivalent (mg/g). All tests were conducted in triplicate.
Determination of total flavonols: Total flavonol contents were determined using a literature method [26] .
Statistical methods:
The results obtained in vitro were statistically processed using Microsoft Excel program. Student's t-test was applied and p < 0.05 was accepted for statistical significance.
